To explore the ectopic osteogenesis effect of sequential sustained release application of recombinant human bone morphogenic protein-2 (rhBMP-2) and basic fibroblast growth factor (bFGF). Antigen-extracted xenogeneic cancellous bone coupled with growth factor-loaded chitosan nanocapsules were implanted in rats in intramuscular site in accordance with the following experimental pattern: group A: simultaneous burst release of rhBMP-2 and bFGF; group B: simultaneous sustained release of rhBMP-2 and bFGF; group C: preferential burst release of rhBMP-2, then sustained release of bFGF; group D: preferential burst release of bFGF, then sustained release of rhBMP-2; group E: sustained release of rhBMP-2 alone; group F: sustained release of bFGF alone, blank control group G: antigen-extracted xenogeneic cancellous bone graft only; negative control group H: not filled with anything. Specimens were obtained after executing the animals at 2 and 4 weeks for general observation and weighing, calcium content detection, micro-CT scanning and bone parameter measurement analysis, H&E staining, ALP staining and CD34 staining. The materials weight of A-2, B-2, C-2, A-4, B-4, C-4, D-4 and E-4 were significantly higher than that of preoperative materials (P < 0.05). The concentration of calcium of group B-4 was the highest (414.7 AE 12.03 mg/dl). Micro-CT scanning and bone parameter measurement analysis showed that the values of bone mineral density and trabecular thickness of group A, B, D, E at 4 weeks were both higher than the ones at 2 weeks (P < 0.05), and both the bone mineral density (367.52 AE 11.64 mg/cc) and the trabecular thickness (126.17 AE 11.36 lm) of group B-4 were the highest. H&E staining showed that a large region of calcified cartilage and haemopoietic tissues were newly formed, especially in group B-4. ALP staining and CD34 staining showed the most positive expression region in group B-4. Therefore, we conclude that simultaneous sustained release of rhBMP-2 and bFGF is the ideal way to release drug, and has better inducement of antigen-extracted xenogeneic cancellous bone graft.
Introduction
Jaw defect is a common disease in oral medicine, which could be caused by a tumour, infection, congenital abnormality and relevant damage in the clinic; the restoration and reconstruction have been a hotspot study in oral bone tissue engineering. Autograft is still gold standard in modern medicine for the treatment of various bone tissue defects, such as trauma and infection. [1] [2] [3] The antigen-extracted xenogeneic cancellous bone (AXCB) used in this experiment is a porcine iliac cancellous bone which has a structure similar to human bone and offers equivalent mechanical support within the bone defect after implantation. AXCB graft can promote adhesion and ingrowths of ossification, and its biggest advantage is unrestricted by source. Unlike autograft, AXCB graft can also avoid secondary trauma and deformities. To summarize, AXCB graft has broad prospects in clinical application. 4, 5 However, it is very difficult to guarantee the osteogenic efficiency of xenogeneic bone graft, and the introduction of bioactive growth factor is feasible and effective in the application of bone transplantation. Studies have shown that recombinant human bone morphogenic protein-2 (rhBMP-2) has an obvious role in inducing osteogenesis. Ectomesenchymal cells and bone marrow precursor cells can be specifically stimulated within the directional differentiated of chondrocytes and osteoblasts. The latter are known to accelerate the regeneration of new bone. [6] [7] [8] Basic fibroblast growth factor (bFGF) could induce the osteogenic differentiation of mesoderm cells, and stimulate the proliferation and differentiation of chondroplast to ostocyte. The latter are known to promote the deposition of calcium salt into bony structure. 9, 10 At the same time, the bFGF promotes the formation of new blood vessels. Thus, the combination of these two growth factors is found to have a synergistic effect on the osteogenic efficiency of xenogeneic bone graft. 11 However, there is still no relevant research report on whether the sequence of these two growth factors in osteogenesis promotion is affecting the formation of new bone. In our previous study, we found that the optimal concentration dose of rhBMP-2 for new bone formation was 4 mg/ml, and optimal dose of bFGF was 2 ng/ml. 11 Based on determining the optimal dose of rhBMP-2 and bFGF, we further use the slow release function of chitosan nanoparticles (CS) to construct sequential sustained -release system of rhBMP-2 and bFGF, which adsorbs to the surface of AXCB graft. We aim to observe the osteogenesis effect of different application of sequential sustained release of rhBMP-2 and bFGF combined with AXCB graft by animal experiments, and select a best osteogenesis performance of sustained release composite of rhBMP-2 and bFGF combined with AXCB graft materials.
Materials and methods

Ethics statement
The experiments were performed in 64 Kunming SD male rats weighing 30 g. All experimental procedures were performed in accordance with the Guidelines for the Care and Use of Laboratory Animals published by the U.S. National Institutes of Health. The study protocol was approved by the Institutional Animal Care and Use Committee at Jinan University Health Science Center, Guangzhou, China.
Methods
Preparation of AXCB graft. The iliac bones were separated from healthy pigs, and cut into pieces which weighted 10 mg AE 0.5 mg for the preparation of AXCB. The bone pieces were soaked in acetone for 48 h to remove the fatty composition, demineralized in 0.6 M hydrochloric acid, completely washed with water, treated with epoxide as a cross linking fixative material for collagen cross linking fixation, washed with water again, and then freeze-dried to prepare them for rhBMP-2 and bFGF incorporation.
Preparation of AXCB/CS/rhBMP-2/bFGF sequential slowrelease system. To achieve the adsorption saturation of growth factor in AXCB by an over soaking method. The mixed configuration of the configured CS solution, rhBMP-2 solution and bFGF solution was carried out according to the fixed volume ratio of 2:1:1, which 2 mg/ml CS solution is 20 ll, 4 mg/ml rhBMP-2 solution is 10 ll, 2 ng/ml of bFGF solution is 10 ll; the components that do not need to incorporated of rhBMP-2 and/or bFGF are replaced by the same amount of 9% physiological saline. At the same time, the method of successively soaking is adopted to achieve the design of sequential release.
According to the research ideas of this topic, six experimental groups and two control groups were set respectively. The experimental groups are classified by different sequential release order of rhBMP-2 and bFGF: Experimental group A: simultaneous burst release of rhBMP-2 and bFGF; Experimental group B: simultaneous sustained release of rhBMP-2 and bFGF; Experimental group C: preferential burst release of rhBMP-2, then sustained release of bFGF; Experimental group D: preferential burst release of bFGF, then sustained release of rhBMP-2; Experimental group E: sustained release of rhBMP-2 alone; Experimental group F: sustained release of bFGF alone; Two groups are formed under control group: Blank control group G: AXCB graft only; Negative control H: is not filled with anything.
Observation in scanning electron microscope. The sample is fixed on a copper platform with conductive adhesive and sprayed with gold; then placed under the scanning electron microscope for surface scanning to observe the morphology and structure of the sample surface.
Animal experiment. Sixty-four Kunming SD male rats of SPF (specific pathogen-free) weighing 30 g were used in this experiment, which was provided by laboratory animal centre of medical school in Sun Yat-sen University. The certification license of the experimental animals was SCXK (Guangdong) 2011-0029. The rats were feed in animal experiment centre of Jinan University (JNU) after purchase. All rats were in good condition during the week of adaptive feeding, with normal activity and active food intake. The 64 Kunming SD rats were randomly numbered and divided to eight groups; and eight rats of each group again randomly divided into 2 weeks observation group and 4 weeks observation group. To study osteogenesis, an intramuscular implantation in the bilateral peroneus of rats was used. The wound healing was observed daily after the operation, and the weight changes were recorded. All the animals were executed by excessive carbon dioxide asphyxiation at 2 and 4 weeks after the surgery, respectively. This experiment was carried strictly with the principles of animal ethics, including feeding, operation and execution.
Observation and weight measurement. Observe the degradation of the implanted materials after the rats execution; the mass, hardness and correlation with the surrounding muscle tissue of ectopic osteogenesis mass were observed in each groups. Each rat was randomly chosen a hind limb for operation to take out the composite materials, then remove the adhesion muscle and carry out the weighing measurement.
Determination of calcium concentration. The weighted specimens were cut to small pieces, and placed in the test tube each with 1 ml 0.6 M HCl, then sealed the tubes and shook for more than 24 h in room temperature so that the calcium ions were fully released for the determination of calcium concentration. The concentration of calcium was calculated by using the orthophenolphthalein colorimetric method. 12 Micro-CT scanning and bone parameter analysis. Specimens of each group were detected with Micro-CT (ZKKS-MCT-Sharp, Guangzhou Zhongke Kaisheng Medical Technology Co., Ltd) after dehydrated with graded alcohol. The scan parameter were scanning resolution 20 lm; rotation angle 360 ; angular increment 0.72 ; voltage 70 kv; power 40 W; average of frame 2; interlayer spacing 20 lm. Established a reconstructed 3D image from the CT image with ZKKS-MCT-Sharp software and then analysed the related bone parameter from the selected region of interest (ROI) (3 mm Â 3 mm Â 1 mm), while the parameters include bone volume (BV), bone surface (BS), bone mineral density (BMD), bone volume fraction (BVF) and trabecular thickness (Tb.Th).
Histological observation. The histological observation of specimens was carried out after Micro-CT scan. Firstly, decalcified the specimens with 4% diluted hydrochloric acid compound liquid and rinsed with running water for 24 h dehydrated by gradient alcohol, and then paraffin embedding after fully dehydrated. Five slides of each group had been prepared for haematoxylin-eosin (H&E) staining, alkaline phosphate (ALP) and CD34 immunohistochemical staining, respectively. Histological findings were compared under DMRA2 electric fluorescence microscope.
Statistical analysis
All results were presented as the mean AE standard deviation. The data were compared and intergroup differences were analysed using two samples t-test, and SNK-q inspection method. Statistical analysis were performed using SPSS version 13.0 software (SPSS, Inc., Chicago, IL); and the difference of P < 0.05 was considered as statistically significant.
Results
Observation in scanning electron microscope
The surface appearance of materials that before and after the AXCB attached to CS/rhBMP-2/bFGF slow-released nanoparticles under microscope was shown in Figure 1 ; Figure 1 (a1) showed the porous structures were remained in AXCB and no schism on trabecula bone; Figure 1 (a2) showed a natural rough surface on the bone trabecula that beneficial to crawling and adhesion of osteocytes; Figure 1(b1) showed the porous structures were remained in AXCB and no schism on trabecula bone after the attachment of CS/rhBMP-2/bFGF slow-released nanoparticles; Figure 1 (b2) showed approximately 100 nm of small granule structure appeared on the surface of AXCB, as shown in Figure 1B 2 with a white arrow, that attached to trabecula bone surface, and no change on microstructure morphology of the trabecula bone.
Release profiles of rhBMP2 and bFGF
As shown in Figure 2 (a), the release profiles of rhBMP-2 in the group A showed the cumulative release rate of first 9 days had been close to 80%, while for group B, it took 23 days to reach the same cumulative release rate of 80%. The cumulative release profile of rhBMP-2 in group C was similar to the group A, it reached the cumulative release rate of 80% at the ninth day. From the release profile of group D, there was almost no release of the rhBMP-2 at the beginning 6th day, but from the 7th day, the release rate of the rhBMP-2 turned to be more faster until the 17th day, and then slowed down until the cumulative release rate reached 80% at the 28th day. The cumulative release profile of rhBMP-2 in group E was similar to the group B, it took 24 days to reach a cumulative release rate of 80%. As shown in Figure 2 (b), The release profiles of bFGF in the group A showed the cumulative release rate of first 13 days had been close to 70%, while for group B, it took 23 days to reach the same cumulative release rate of 70%. From the release profile of group C, there was almost no release of the bFGF at the beginning seventh day, but from the 8th day, the release rate of the bFGF turned to be more faster until the cumulative release rate reached 70% at the 26th day. The cumulative release profile of bFGF in group D was similar to the group A, it reached the cumulative release rate of 70% at the 13th day. The cumulative release profile of bFGF in group E was similar to the group B, it took 22 days to reach a cumulative release rate of 70%.
Observation and weight measurement of the animal specimens
The rats were executed at the second and fourth week after the operation; the implanted materials of group A-G were all presented with different degrees of blood staining and different shapes of formed new bones, and with no significant degradation of the materials at the same time. There was no traumatic fibrosis or abnormal hyperostosis on the field of operation in group H. As shown in Table 1 , the weight of materials A-2, B-2, C-2, A-4, B-4, C-4, D-4 and E-4 was significantly higher than the preoperative materials (P < 0.05). The materials weight of group A-2 was higher than the other groups when at the second week (P < 0.05); while at the fourth week, the weight of group B-4 was higher than the other groups (P < 0.05). Then compared the weight of each group at the second and fourth week, we found that the material weight of group B-4 was higher than group B-2 (P < 0.05) and the group E-4 was higher than E-2 (P < 0.05).
Determination of calcium concentration
Results were shown in Table 2 . When pair-compared the calcium concentration of each group at the second and fourth week, we found that group B-4 (123.1 mg/dl), D-4 (78.2 mg/dl), E-4 (88.3 mg/dl) were higher than group B-2, D-2, E-2 (P < 0.05). In addition, the concentration of calcium of each group at the second week followed by descending orders: group A-2, C-2 > B-2 > D-2, E-2, F-2 and G-2 (P < 0.05), and group A-2 (348.5 AE 9.66 mg/dl) was the maximum. While the concentration of calcium of each group at the fourth week were followed by descending orders: group B-4 > A-4, C-4, D-4, E-4 > F-4, G-4 (P < 0.05), and group B-4 (414.7 AE 12.03 mg/dl) was the maximum.
Micro-CT scanning and bone parameter analysis
The micro-CT image was shown as Figure 3 and the related parameters of bone measurements were shown in Table 3 . The bone volume, bone surface area and bone volume fraction were no statistically significant, including the difference between second and fourth week of each group and the difference between groups at the same time. This suggested that bone volume and bone surface of AXCB were similar, and there was no difference on osteogenesis effect of each group.
The paired t-test was performed for statistical analysis of BMD of the same group at second and fourth week. The results showed that BMD of group A-4 100.00 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Time (days) Time (days) 15 16 17 18 19 20 21 22 23 24 25 26 27 28 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 (32.55 mg/cc), B-4 (89.06 mg/cc), D-4 (38.18 mg/cc), E-4 (29.57 mg/cc) were significantly higher than group A-2, B-2, D-2, E-2 (P < 0.05). At the second week, the BMD of each groups were followed by descending order: group A-2, C-2, E-2 > B-2 > D-2, F-2, G-2 (P < 0.05), and group A-2 (307.09 AE 8.27 mg/cc) was the maximum. While the BMD of each group at the fourth week were followed by descending order: group B-4 > A-4, C-4, D-4, E-4 > F-4, G-4 (P < 0.05), and group B-4 (367.52 AE 11.64 mg/cc) was the highest.
The statistical analysis for Tb.Th was performed by paired t-test of the difference between 2 and 4 weeks of each group, which showed that the Tb.Th of group A-4 (14.51 lm), B-4 (39.75 lm), C-4 (23.15 lm), D-4 (22.49 lm) were significantly higher than group A-2, B-2, C-2, D-2 (P < 0.05). At the second week, the Tb.Th group A-2 was 95.33 AE 7.28 lm, which was significantly higher than group B-2, C-2, D-2, E-2, F-2, G-2 (P < 0.05), and group B-2, C-2, D-2, E-2 were significantly higher than group F-2, G-2 (P < 0.05). While at the fourth week, the Tb.Th of group B-4 was 126.17 AE 11.36 lm, which was higher than group A-4, C-4, D-4, E-4, F-4, G-4 (P < 0.05), and group A-4, C-4, D-4 were higher than E-4, F-4, G-4 (P < 0.05).
H&E staining
The results of H&E staining were shown in Figure 4 . Varies degrees of new born calcified cartilage and haematopoietic tissue formation were found in all implanted materials that permeable chodrocytes were presented in the newborn calcified cartilage, and osteoblasts (Ob) lining in cartilage edge, as shown with a black arrow. At the same time, the haematopoietic tissue filled with erythrocytes was observed between the new bone cartilage and its surrounding soft tissue. Haematopoietic cell with deep dyeing was indicated by the blue arrow in the figure, and erythrocytes with red dyeing were indicated by the red arrow in the figure. For group B-4, a large amount calcified cartilage formation and a network of haematopoietic tissue were observed under 100Â magnified view and a large amount of mature chondrocytes and osteoblasts were observed under 200Â magnified view. Dense networks of blood vessels, haematopoietic cells and erythrocytes that presented in cartilage lacuna of group B-4 were obviously superior to other groups.
ALP immunohistochemical staining
Alkaline phosphatase (ALP) was the early specific markers of osteogenic differentiation during the newborn process of cartilage. As shown in Figure 5 , varies degrees of positive expression of ALP were observed in implanted materials of all rats that indicated by the black arrow in the figure. The positive expression of ALP was mainly located in periphery of newborn cartilage and expressed in cytoplasm of chondrocytes. Group B-4 was significantly superior to the other groups, which the positive expression region of ALP was significantly increased with a dark brown dyeing.
CD34 immunohistochemical staining
H&E staining results were shown in Figure 4 that varies degrees of haematopoietic tissue formation were presented in implanted materials of all rats, and CD34 was the specific marker of microvascular Indicates that the difference between weighting data of this group and the preoperative weight is statistically significant through single sample Ttest (P < 0.05). b Indicates that the difference between the weight in the second week and the fourth week of the same group of materials was statistically significant through two sample T-test (P < 0.05).
c Indicates that the difference between the weights of each group of materials at the same time was statistically significant through two comparison T-test (P < 0.05). Indicates that the difference of calcium concentration of each group at the same time was statistically significant through two comparison T-test (P < 0.05). b and c or no superscripts indicate that there is statistically significant difference through two comparisons; while the difference between the same marks shows no statistically significant difference. d Indicates that the difference of calcium concentration between the second and the fourth week of the same group was statistically significant through two sample T-test (P < 0.05).
endothelial cells. Thus, as shown in Figure 6 , varies expressions of CD34 positive region were observed in implanted material of all rats, that indicated by black arrow in the figure, and the cell membrane and cytoplasm of endothelial cells were mainly expressed by the marked positive region. At the second week after implantation of group B, the concentrated CD34 expression region seen in blood vessel of haematopoietic tissue were circular distributed and in dark brown dyeing, while CD34 expression region were significantly increased with dark brown dying at the fourth week after implantation of group B.
Discussion
The previous researchers have identified that the BMPs could induce the differentiation of mesenchymal stem cells from the spatium intermusculare of the rat to chondrocytes and osteoblast, which form heterotopic skeletal matrix. Thus, the detection of BMPs in inducting osteogenesis activity in vivo can be observed through the amount of ectopic osteogenesis induced by BMPs in the spatium intermusculare implantation experiment of the rats. 13, 14 According to the previous reports of BMPs induced osteogenesis, the method of Indicates that the difference between bone parameters of the same group are statistically significant through two comparison T-test (P < 0.05). b and c or no superscripts indicate that there is statistically significant of the differences between pairwise comparison, while the difference between the same mark shows no statistically significant. d Indicates that the difference of bone parameters between the second and the fourth week of the same set of materials are statistically significant through two sample-paired T-test (P < 0.05). Figure 4 . The H&E staining results of materials of each group at second and fourth week after operation. (a2) The H&E staining results of group A at second week after operation; (a4) the H&E staining results of group A at fourth week after operation. (b2) the H&E staining results of group B at second week after operation; (b4) the H&E staining results of group B at fourth week after operation; (c2) the H&E staining results of group C at second week after operation; (c4) the H&E staining results of group C at fourth week after operation; (d2) the H&E staining results of group D at second week after operation; (d4) the H&E staining results of group D at fourth week after operation; (e2) the H&E staining results of group E at second week after operation; (e4) the H&E staining results of group E at fourth week after operation; (f2) the H&E staining results of group F at second week after operation; (f4) the H&E staining results of group F at fourth week after operation; (g2) the H&E staining results of group G at second week after operation; (g4) the H&E staining results of group G at fourth week after operation; (In each figure, the left side shows zoom in Â100 times; and AXCB presents the xenogeneic bone graft, CC presents the newborn calcified cartilage, HT presents the haematopoietic tissue, black box presents the area which will be magnified as the right side shown; the right side shows zoom in Â200 times, The black arrow indicates the mother bone; The red arrow indicates the blood cell; The blue arrow indicates the haematopoietic cells). detection of osteogenesis activity induced by BMPs can be used to detect the osteogenesis efficiency of its compatibility with other active growth regulating factors. Sequential sustained released systems of AXCB/CS/ rhBMP/bFGF are implanted into spatium intermusculare of rats in the experiment. And to observe the influence of osteogenesis efficiency of different sustained released sequence of rhBMP-2 and bFGF combined with the application of AXCB graft.
The difference of osteogenesis between different groups can be quickly learned from general observation and weighing of the specimens. The better efficiency of osteogenesis with a better degree of red erosion can be observed in specimens' dissection. The one of which the formed vascular tissues are rich in the bone fragment was with a strong adhesive to the surround muscle tissues and not easy to be peeled. The effectiveness of osteogenesis can also be presented in the weighing result of the tissue, which is a relatively fast and convenient index of osteogenesis efficiency detection. The weighing results of this experiment were shown in Table 1 , that the material weights of A-2, B-2, C-2, A-4, B-4, C-4, D-4 and E-4 were significantly higher than the preoperative ones (P < 0.05), this suggested that the new mineralized osseous tissues were generated in the materials of these groups after implantation. The materials weight of group B-4 was higher than group B-2 (P < 0.05) suggested that the new mineralized osseous tissue of sustained released rhBMP-2 and bFGF group were increased by times, that illustrated the sustained released rhBMP-2 played an important role in elevating the amount of mineralized osseous.
The method of calcium concentration detection is to assay Ca 2þ level of new born bone by calcium kit. The Ca 2þ level in new osseous tissue is well known as a gold standard to reflect the degrees of new mineralized osseous tissue. The method of calcium concentration detection can be carried out to contrast different mineralized degree of new osseous tissue among the groups by detection of Ca 2þ ion concentration in new osseous tissue, which will prove the most effectiveness of osteogenesis among the groups. 15 As shown in Table 2 , the calcium concentration of group B, D and E at the fourth week were higher than that at the second week, which explained that sustained released rhBMP-2 had a certain role in promoting the calcium concentration. With the increase of time, the release concentration of rhBMP-2 gradually increased, which could promote the further mineralization of the newly osseous tissue.
Micro CT (in vitro) is a high-resolution imaging system for bone, teeth and various materials, and also can be used for quantitative analysis of bone parameters. The bone parameters used for measurement and analysis in the experiment include (1) bone volume (BV) refers to the total volume of the selected bony The ALP staining results of group A at second week after operation; (a4) the ALP staining results of group A at fourth week after operation; (b2) the ALP staining results of group B at second week after operation; (b4) the ALP staining results of group B at fourth week after operation; (c2) the ALP staining results of group C at second week after operation; (c4) the ALP staining results of group C at fourth week after operation; (d2) the ALP staining results of group D at second week after operation; (d4) the ALP staining results of group D at fourth week after operation; (e2) shows the ALP staining results of group E at second week after operation; (e4) the ALP staining results of group E at fourth week after operation; (f2) the ALP staining results of group F at second week after operation; (f4) the ALP staining results of group F at fourth week after operation; (g2) the ALP staining results of group G at second week after operation; (g4) the ALP staining results of group G at fourth week after operation. (Each figure shows zoom in Â200 times; and the black arrow indicates the ALP positive expression region.) structure with a unit of mm 3 , which represents the size of grafted bone in the experiment; (2) bone surface (BS) refers to the total area of selected bony structures with a unit of mm 2 , which indicates the total area of trabecular structures of grafted bone in the experiment; (3) bone volume fraction (BVF) refers to the ratio of the volume of the bone structure to the total volume of the sample, while for the ratio of the mineralized tissue, that larger the value the greater content of trabecular bone; As shown in Table 3 , the statistical results of BV, BS and BVF were shown that there were no statistically significant whether the difference of the same set of materials between at the second or fourth week, nor the difference between groups at the same point of time. This suggested that the BV, BS and BVF of all grafted AXCB mass were similar, and the difference between the groups would not effect on the difference of osteoblast effect. (4) BMD refers to the amount of bone mineral per unit volume with a unit of mg/cc. The results shown that BMD of group A, B, D and E at the fourth week were higher than that at the second week, which suggested the sustained release of rhBMP-2 had promoted effect on the BMD. (5) Tb.Th refers to the average thickness of trabecular bone, which states as pore wall thickness in porous materials, with a unit of lm. The higher of Tb.Th, the higher degree of mineralization. The results shown that the Tb.Th of group A, B, C and E at the fourth week were higher than that at the second week, which suggested that the sustained release of rhBMP-2 and bFGF had promoted effect on mineralization of new born osseous tissue. This promotion had a higher effect than the single application of rhBMP-2, and the promoted mineralization of new born osseous tissue was significantly higher than the group without rhBMP-2.
H&E staining is the most common used staining method in histology. The morphological features of various types of cells in the tissues were displayed: the nucleus was dyed to bright blue by haematoxylin; the cartilage matrix and calcium salt particles is dyed to dark blue and the mucus is dyed to grey-blue; the cytoplasm was dyed to different shade of red-pink to peachpink by eosin, and the intracytoplasm eosinophilic granular is dyed to high reflected bright-red; collagen fibres is dyed to light-pink, elastic fibres is dyed to bright-pink, erythrocyte is dyed to yellowish-red, and protein liquid is dyed to red-pink. 16 As shown in Figure 4 , the formation of new born cartilage and haematopoietic tissue was seen in implanted materials, which a large region of new born cartilage and haematopoietic tissue formation were observed at the fourth week of group B.
Alkaline phosphatase (ALP) has been widely used as one of the important indexes of osteogenesis detection. It is quite active in osseous tissues and closely related to bone calcification. 17 Therefore, the degrees of ALP activity can be detected to reflect the calcium deposition during osteogenesis. As shown in Figure 5 , varies degrees of ALP positive expression regions were seen in all implanted materials which were mainly located in the periphery of new born cartilage and expressed in the cytoplasm of the chondrocytes. The positive expression of ALP in group A-2, A-4, B-4, C-4, D-4 and E-4 were higher than other groups, that indicating a high degree of calcification in these groups.
Meanwhile, the angiogenesis of implants is a very important part during osteogenesis. As a new capillary marker, CD34 is a highly glycosylated transmembrane glycoprotein and a specific marker of vascular endothelia cells. 18 The positive expression of CD34 immunohistochemical staining results is the formation of (a2) The CD34 staining results of group A at second week after operation; (a4) the CD34 staining results of group A at fourth week after operation; (b2) the CD34 staining results of group B at second week after operation; (b4) the CD34 staining results of group B at fourth week after operation; (c2) the CD34 staining results of group C at second week after operation; (c4) the CD34 staining results of group C at fourth week after operation; (d2) the CD34 staining results of group D at second week after operation; (d4) the CD34 staining results of group D at fourth week after operation; (e2) the CD34 staining results of group E at second week after operation; (e4) the CD34 staining results of group E at fourth week after operation; (f2) the CD34 staining results of group F at second week after operation; (f4) the CD34 staining results of group F at fourth week after operation; (g2) the CD34 staining results of group G at second week after operation; (g4) the CD34 staining results of group G at fourth week after operation. (Each figure shows zoom in Â200 times; and the black arrow indicates the CD34 positive expression region.) newborn capillaries, which reflects the condition of newborn capillaries formation during osteogenesis. 19 As shown in Figure 6 , varies degrees of CD34 positive expression regions were seen in all implanted materials which were mainly expressed on the membrane and plasma of vascular endothelial cells. The positive expression of CD34 in group A-2, A-4, B-4, C-4, D-4 and F-4 were higher than other groups, indicating a better new capillary formation during osteogenesis in these groups. The achievements of many scholars have proved that rhBMP-2 has a high efficient induction of osteogenic activity. [20] [21] [22] In the spatium intermusculare of the rats, rhBMP-2 could induce the undifferentiated mesenchymal cells to differentiated into chondrocyte and osteoblast, at the same time promote the proliferation and differentiation of differentiated osteoblast continuously. Then, the secretion of bone matrix was further induced to promote the formation of new born osseous tissue. More importantly, rhBMP-2 has no species specificity, which could induce new osseous formation across species. bFGF is a broad spectrum of mitogen, which can combine with FGF receptor of osteoblast surface specifically, thus promotes the osteoblast mitosis and keeps the differentiation potential during proliferation promotion. 23, 24 But bFGF is easier to be hydrolysis by the related enzymes in the body with a short half-life of 3-10 min, thus the biological effect of bFGF is poor no matter local or systemic application, thus its medical value is low in the single application. Various methods of synthesized bFGF nanocomposites have been developed in recent years, and the control release properties of drug are shown, which realize the sustained release and prolonged effect of bFGF will promote the formation of osteoblast mineralization nodules. 25, 26 Comprehensive other scholars and researching findings, [27] [28] [29] [30] [31] we hypothesize that the mesenchymal cells are firstly differentiated to osteoblasts and chondrocytes induced by rhBMP-2 when sustained release of rhBMP-2 and bFGF at the same time; then further proliferation and differentiation of osteoblasts and chondrocytes for more new osseous tissues formation will be promoted by rhBMP-2 cooperating with bFGF. During the later stage of the mineralization of osteogenesis, the local rhBMP-2 and bFGF are maintained at a relatively stable concentration level, which will be continuous on synergistic effect to promote further mineralization of new born osseous tissue. At the same time, bFGF elevate the expressions of related genes in angiogenesis, and stimulate the activation, proliferation and differentiation of vascular endothelial cell for the formation of new capillaries, which would provide nutrition and the blood supply for the new bone mineralization, promoting mineralization of new osseous tissues.
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